Abstract--Basic SiC bipolar transistors have been studied in the past for their applications where high power or high temperature operation is required. However since the current gain in SiC bipolar transistors is very low and therefore, a large base drive is required in high current applications. Therefore, it is important to enhance the current gain of SiC bipolar transistors. Using two dimensional mixed mode device and circuit simulation, for the first time, we report a new Darlington transistor formed using two polytypes 3C-SiC and 4H-SiC having a very high current gain as a result of the heterojunction formation between the emitter and the base of transistor. The reasons for the improved performance are analyzed.
I. INTRODUCTION
iC has been a material of choice for high temperature and high power applications due to its superior material as well as electrical properties over Si and GaAs and the availability of different polytypes in SiC. Being a wide band gap material it is suitable for high temperature applications where Si does not maintain its semiconductor behavior due to an increase in the minority carrier concentration at elevated temperatures. 4H-SiC BJTs have been extensively studied in the recent years however their main drawback is the low current gain [1, 2] . Darlington transistor is an attractive way to enhance the current gain of the transistor and there are reports regarding the monolithic [3, 4] and hybrid [5] SiC Darlington transistors. The maximum current gain achieved in the case of monolithic Darlington transistor is ~ 2000 [3] whereas in hybrid case the large signal current gain is ~ 430 [5] . In this paper we report a Darlington transistor with a wide bandgap emitter having a very high current gain of the order of ~ 10 4 obtained by implementing the concept of the heterojunction to increase the current gain of the Darlington transistor using 4H-SiC with a bandgap of 3.2 eV for the emitter and 3C-SiC with a bandgap of 2.2 eV for the base and the collector regions. We have used two dimensional mixed mode device and circuit simulation [6] to design and analyze the proposed structure. 
II. DEVICE STRUCTURE AND PARAMETERS
The schematic cross-section of the proposed structure is shown in the Fig. 1 . The 4H-SiC emitter shown in Fig. 1 can be epitaxially grown over 3C-SiC which results in the formation of the heterojunction between the emitter and the base region. The thickness and doping of the base and N-drift layer are 0.5 µm, 1x10 18 cm -3 and 20 µm, 1x10 17 cm -3 respectively. The emitter region thickness is 0.5 µm and the doping is 1x10 19 cm -3 . The emitter trench required for the effective isolation of the two BJTs as shown in Fig.1 and can be formed using the reactive ion etching as suggested in the literature [4] . The material parameters used in simulation have been taken from the literature [7, 8] . The extrinsic base P + regions have a doping of 10 19 cm -3 whereas the collector contact is taken from the bottom. Emitter of the first stage BJT is shorted to the base of the second stage BJT using a metal line over the oxide.
III. RESULTS AND DISCUSSION
We have simulated the structure shown in Fig. 1 above using the two dimensional mixed mode device and circuit simulator [6] . The Gummel plot for the SiC Darlington transistor without heterojunction is compared with that of the proposed structure with heterojunction as shown in Fig. 2 . We notice that due to the heterojunction at the emitter-base junction, the collector current of the proposed Darlington transistor is significantly larger than the collector current of the conventional SiC Darlington without the heterojunction. This is expected to result in a significantly enhanced current gain over a wide range of collector current. The common emitter current gain versus collector current for the SiC Darlington transistor (a) without heterojunction is compared with that of (b) the proposed structure with heterojunction as shown in Fig. 3 . The maximum current gain for the proposed structure turns out to be of the order of 10 4 which is very high as compared to the earlier reported current gains in the literature.
The variation of current gain with temperature for the proposed structure is studied to ensure the thermal stability of the device at elevated temperatures and is shown in Fig. 4 . We notice that when the ambient temperature increases from 300 K to 400 K, there is only a marginal increase (10 -15 %) in current gain making this device suitable for use in high temperature applications. Most silicon transistors will fail at elevated temperatures due to a significant increase in current gain and the resultant thermal runaway. IV. CONCLUSION SiC is a wide bandgap semiconductor having different polytypes with superior electrical properties as compared to Si. Availability of different polytypes in SiC makes it an excellent material for the heterostructure devices such as the one reported in this paper. For the first time the concept of heterojunction, in this case between two different SiC polytypes, has been applied to the power devices. Our results demonstrate that a significantly enhanced current gain can be achieved for a heterojunction Darlington transistor leading to a significant reduction in the base drive current in switching circuits. The proposed Darlington transistor will be a suitable candidate for high temperature applications since it is free of the gate oxide problems encountered in SiC MOSFETs and is thermally stable at higher temperatures.
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